Sensor chamber plays a significant role in order to improve the performance of an electronic nose in terms 4 of stability, repeatability, reproducibility and sensitivity. Fluid dynamic simulations of six different configurations of 5 3D sensing chambers are presented to facilitate the efficient design of an electronic nose system comprising of 64 sensor 6 arrays. Numerical simulations were carried out to investigate the gas (zero air) flow behaviour inside these chambers 7 under steady-state conditions for velocities ranging from 0.1 to 2 m/s using ANSYS software. Design optimization was 8 performed in terms of area coverage, velocity and mass fraction. Results show that the area coverage and mass fraction 9 distribution increases with the flow velocity. Sensor chambers achieved more than 70% flow coverage over the sensors at 10 a velocity beyond 0.7 m/s. In further chamber designs, four baffles were introduced at different positions in two inlets 11 and one outlet chamber model to enhance the performance of the chamber. The effect of baffle positions in the flow 12 distribution was investigated through numerical simulations. Chamber designs with the introduction of baffles achieved 13 a maximum mass fraction. Thus, the insertion of baffles improved the area coverage and mass fraction. In addition, to 14 show the real time applicability further simulations were performed in the optimised sensor chamber.
Introduction 17
Electronic nose was first conceived by Dodd and Persuad in 1982 with the aim to mimic the biological system 18 of human olfaction using pattern technology. Since then it has attracted widespread application in numerous 19 fields ranging from food quality and safety assessment [1] , medical diagnostics [2, 3], environmental monitoring 20 [4], explosive detection [5] , etc. 21 Electronic nose generally consists of a odour delivery system, a detection system consisting of a sensor 22 array and computer system which learns, classifies and identifies the electronic data for different aromas using to optimise the design of the sensor system for real-time applications. Particularly, the sensor chamber needs 29 to be efficiently designed for effective exposure of the sensors to vapours/gases different analyte concentration. of the chamber bottom.
23
Six different three-dimensional sensor chamber designs are used to analyse the airflow dynamics with 24 respect to the sensor element position shown in Figure 1 and 2.
25
Chamber 1, 2 and 3 are simple cuboids with dimensions 52 x 52 x 10 mm shown in Figure 1 . In further 26 designs, initially, four baffles are introduced at random positions. The purpose is to ensure the homogeneous 27 flow over the sensors and to minimise swirling and recirculating zones. Simulations are carried out to select the 28 optimised baffles positions. Initially, two baffles are placed at 0 0 and 90 0 with respect to the inlet and outlet 29 in order to evenly distribute the flow and minimize the velocity gradient. In the subsequent step, the position 30 of these baffles were shifted to obtain three best chamber designs. Further Figure 2 shows chamber 4-6 with 31 four baffles having a length, width and height of 10, 2 and 5 mm to improve the airflow distribution inside the 32 sensor chamber. continuity equation)
where V is the velocity, P is pressure, ρ is the mass density of air and µ is the dynamic viscosity coefficient.
2
The second order upwind scheme was used to approximate the momentum equation. The pressure and velocity 3 coupling were realized through the SIMPLE (Semi-Implicit Method for Pressure-Linked Equation) algorithm.
4
The boundary conditions were (i) the sensor chamber walls were assumed to be rigid; (ii) no-slip boundary 5 condition was defined at the chamber walls; (iii) zero pressure value was taken at the inlet and outlet of the Hence, most of the sensors are not exposed to the odour analyte due to low velocity. As velocity increases 24 beyond 0.7 m/s, flow coverage of more than 70% is obtained over the sensors. Baffles enhance the exposure with odour analyte and, it is observed that most of the area inside the sensor 12 chamber is exposed to zero air. A stagnant zone is present near the inlet and middle region of the chambers and 13 minimum in chamber 6 as compared to other chamber models. However, the insertion of baffles has increased 14 the airflow distribution in terms of velocity and area coverage.
15
The flow coverage of all the above sensor chambers is summarized for chamber model 4 to 6 in Figure 9 . 16 As velocity increases above 0.6 m/s, area coverage of more than 70% is obtained over the sensors. 
Conclusion 1
Fluid dynamic simulations were performed in six different three-dimensional sensor chambers for an electronic 2 nose. Initially, three simple cuboids with the position and number of inlets/outlet were constructed to study the 3 flow behaviour inside the chamber. However, a chamber with two inlets and one outlet gave better performance 4 as compared to the other chamber. Baffles were introduced at different positions in further chamber models in 5 order to improvise the sensor chamber design to achieve the desired performance. In this paper, the effects of 6 baffles at different positions were examined with different flow velocity in the sensor chamber. In these sensor 7 chambers, distribution of mass fraction over the sensor surface was optimum while including baffles. Numerical 8 simulations concluded that introduction of baffles at optimum position is important in the chamber in order to 9 achieve the homogeneous and maximum mass fraction distribution over the sensors.
